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Claims 


A film-forming device characterized by the fact that a 
device which forms plasma by microwaves which is used to form an 
electrical field between a nozzle is arranged at the upper flow 


side of a potential applicable nozzle installed at a flew 
passage . 

retailed explanat ion of thp invention 
Industrial application field 

This invention pertains to a film-forming device which 
utilizes plasma formed by discharged microwaves; in further 
detail, this invention pertains to the improved utilization of 

a-t i f i 1 T7i-f n T-m l n rr CT 3. S - 

Conventional technologies 

According to a conventional film-forming device which 
utilizes plasma formed by discharged microwaves, a device which 
sends plasma formed by a plasma-forming device utilizing a hollow 
resonator to a film-forming chamber using an electromagnet, then 
contacts a film-forming gas with said plasma to form a film on a 
substrate in said chamber, is known. 

Problems to be solved by the invention 

However, according to the above-explained method of sending 
plasma with the electromagnet, it is difficult to sufficiently 
control the plasma domain which is sent out, and presents 
problems such as uneven contact being made with the film-forming 
gas. It is difficult to control the plasma format, for example, 
the density or type of ion or radical; control over the plasma 
according to the type of film-forming gas is also difficult. 


Means to solve the problems 


When a measure which may be used by this invention to solve 
the above-explained problems is explained in reference to Figure 
1 showing one application example of this invention, it pertains 
to a film-forming device having plasma-generating device (2) 
which forms plasma by microwaves and forms an electrical field 
between nozzle (1) at the upper flow side of potential applicable 
nozzle (1) arranged at the flow passage. 

Action 

The plasma formed by plasma generator (2) is drawn in the 
nozzle (1) direction by the electrical field formed between 
nozzle (1) which is installed at the lower flow side and said 
plasma generator (2). Because plasma is drawn in a limited 
direction such as toward the nozzle, it is easy to control the 
domain of said drawing- As a result, contact of the plasma and 
film-forming gas may also be easily achieved to enable a uniform 
contact with no waste. 

On the one hand, by designing the voltage applied to nozzle (1) 
to be either positive or negative with DC power supply (3), or to 
alternately apply positive and negative voltage with AC power 
supply (3), it is possible to control the format of said plasma. 
It is also possible to accelerate said plasma formation by 
initiating a discharge between plasma- forming device (2) and 
nozzle (1) - 


Application examples 

As shown in Figure 1, plasma chamber (4) and film-forming 
chamber (5) are connected via nozzle (1). 

Within said plasma chamber, plasma-forming device (2) is 
arranged at the opposite position to flow inlet (la) of nozzle 
(1). Plasma-forming device (2) used in this application example 
is a device equipped with hollow resonator (6) which forms plasma 
using an electrocyclotron resonance (ECR) . Hollow resonator (6) 
is preferable providing that it meets the ECR conditions so it 

can proviut; ^x. r 

At the back wall part of hollow resonator (6), for example, 
wave guide (8) is connected via microwave guide window (7) made 
of material, such as quartz, which allows transmission of 
microwaves. It is designed so that a non film-forming gas is 
supplied to hollow resonator (6). The non-film-forming gas 
referred to at this time is the gas which is converted to plasma 
by microwave discharge and refers to the gas which shows no 
film-forming capacity as is. More concretely, it refers to, for 
example, H 2 , N 2 , or Ar gas. 

When said non-film-forming gas is supplied to hollow 
resonator (6) while microwaves are induced via microwave guide 
window (7), plasma may be formed in hollow resonator (6); this is 
drawn out of opening (9) arranged at the front panel. 

Between opening (9) and flow inlet (la) of nozzle (1) of 
hollow resonator (6), supply ring (10) which is used to supply 
the film-forming gas is arranged. Supply ring (10) is a 
ring-shaped pipe having many small holes; this is used to supply 
film-forming gas to the plasma which is drawn out of hollow 
resonator (5)." The film-forming gas referred to at this time is 


the gas which exhibits a film-forming capacity when activated; as 
such gas, for example, disilane gas may be mentioned. 

Flow inlet (la) of nozzle (1) opens to plasma chamber (4) 
and opens flow outlet (lb) to the film-forming chamber to connect 
-both chambers (4) and (5). To this nozzle (1), power supply (3) 
is connected to form an electrical field between nozzle (1) and 
plasma-forming device (2). At each attachment region of plasma 
chamber (4) and film-forming chamber (5) of nozzle (1), 
insulating material (1) is installed for electrical insulation; 
on the other hand, plasma chamber (4) and film-forming chamber 
(5) are electrically grounded. Power supply (3) shown in the 
figure is of direct current; that positive voltage is applied to 
nozzle (1); however, it is also allowable to apply negative 
voltage to the nozzle, or power supply (3) may be of alternate 
current. 

The plasma formed by plasma-forming device (2) is actively 
drawn toward the nozzle (1) direction by the electrical field 
created between above-explained nozzle (1) and plasma-forming 
device" (2) ; a film-forming gas is supplied to this from supply 
ring (10) . The film-forming gas supplied is activated when it 
comes in contact with plasma; at the same time, it is sprayed 
into film-forming chamber (5) via nozzle (1) . 

As for above-explained nozzle (1), although it may be of a 
parallel nozzle or a narrow-tip nozzle, as shown in Figure 2 with 
an enlarged view, it is preferable when it is of a nozzle having 
a reduced and enlarged bore. This nozzle having a reduced and 
enlarged bore is the nozzle designed to gradually reduce its 
aperture area from flow inlet (la) to form neck region (lc), then 
its aperture area is again enlarged to form flow outlet (lb). 

According to the above-explained nozzle having a reduced and 
enlara^d bnr^, bv adjust! nrr pressure r-i f ic P/P~ of 


plasma chamber (4) and pressure P of film-forming chamber (5), 
as well as ratio A/A' of open area A' of neck region (lc) and 
open area A of flow outlet (lb), it is possible to accelerate the 
flow rate of the film-forming gas which is activated and sprayed. 
'When pressure ratio P/P Q of plasma chamber (4) and film-forming 
chamber (5) is greater than the critical pressure ratio, the 
outlet flow speed of the nozzle having a reduced and enlarged 
bore becomes slower than subsonic speed, and the film-forming gas 
is sprayed at reduced speed. 

At this time, when the flow speed is identified as u [sic; 
nnqdhlv ul. and the SDeed of sound at that point as a, specific 

£ J'J' *• 

heat ratio i of the flow assumes that the flow has an adiabatic 
expansion with compressive one-dimensional flow and Mache M 
derived by the flow is determined by the following equation based 
on pressure P Q of plasma chamber (4) and pressure P of 
film-forming chamber (5); in particular, when P/P Q happens to be 
lower than the critical pressure, M becomes greater than 1: 


M - — - , V y J * j r - t 


] 


( t ) 


When the local temperature is identified as T and the gas 
constant as R, speed of sound a may be derived by the following 
equation : 


a * / r R T 


The open area of flow outlet (lb), open area A' of neck 
region (lc), and Mache M have the following relationship: 


A 1 f 2 I 

.— • rr — 1 1 


As a result, it is possible to spray the film-forming gas at 
an appropriate expansion flow from a nozzle having a reduced and 
enlarged bore when open area ratio A/A' is determined according 
to Mache M derived by equation (1) based on pressure ratio P/P Q 
of pressure P D of plasma chamber (4) and pressure P of 
film-forming chamber (5); or by adjusting P/P Q according to the M 
value determined by equation (2) based on A/A'. Flow speed u 
at this time may be derived from the following equation (3): 

u - M / r R T ( 1 ♦ r ~ 1 M ' j ' - ( J ) 

When the film-forming gas is sprayed in the above-explained 
appropriately expanded flow at ultrasonic speed in a set 
direction, said film-forming gas would immediately proceed 
straight while maintaining its spray-flow sectional plane in 
almost the same shape as that at the starting time of the 
spraying, forming a beam shape. By doing so, the film-forming 
gas may be sprayed out at ultrasonic speed while in a spatially 
independent state in a space within film-forming chamber (5) 
without any interference from the wall surface of film-forming 
chamber (5) . 

When a nozzle having a reduced and enlarged bore is used as 
nozzle (1), as shown in Figure 2 (a), it is preferable when the 
inner circumferential surface is set to be almost parallel to the 
center axis at the flow outlet (lb) position. This is to aid in 
achieving a parallel flow as best as possible because the flow 
direction of the film-forming gas which is sprayed is easily 
affected by the direction of inner circumferential surface of 
flow outlet (lb). However, as shown in Figure 2 (b) , when angle 
a (2) against the center axis of the inner circumferential 
_.._ c _ c „ _l -i-^ fi rv HM is set at less 


than 7*, or more preferably, less than 5 - , it is difficult to 
initiate a peeling phenomenon, and because the film-forming gas 
flow which is sprayed is maintained in almost a uniform state, 
there is no particular need to set the flow parallel as explained 
'above. When the forming of the parallel part explained above may 
be omitted, preparation of the nozzle having a reduced and 
enlarged bore becomes easy. "When said nozzle having a reduced 
and enlarged bore is set as a rectangular shape as shown in 
Figure 2 (c) , it is possible to spray the film-forming gas in a 
slit form. 

As for the term "peeling phenomenon 1 ' referred to above, it 
indicates the phenomenon of nonuniform flow when protrusions and 
such are present within said nozzle having a reduced and enlarged 
bore forming a border layer between the inner surface of the 
nozzle having a reduced and enlarged bore and the flowing fluid; 
this phenomenon is more prominent when the fluid is sprayed at 
a higher speed. As for above-explained angle a (2), in order to 
prevent this peeling phenomenon, it is preferable when it is held 
at a smaller rate in the case of a less accurate inner surface 
finish of said nozzle having a reduced and enlarged bore. The 
inner surface of the nozzle having a reduced and enlarged bore is 
preferably higher than a 3 reverse-triangular-shaped marking, or 
more preferably, higher than 4 markings according to the surface 
finish accuracy specified by JIS B 0601. In particular, because 
the peeling phenomenon at the enlarged part of said nozzle having 
a reduced and enlarged bore significantly affects the 
film-forming gas flow afterwards, it is possible to achieve an 
easy preparation of said nozzle having a reduced and enlarged 
bore by focusing on this enlarged part. In order to prevent said 
peeling phenomenon, it is also necessary to provide a smooth 
c u r v e d surface of n p ck rp^ i cp. ( 1 c ^ ^ ^ \ h n . *~ y~ "i n r - ^ c ■ e f f i n \ ° n t 


of the changes in the sectional area would not become infinite 

As for the material for said nozzle having a reduced and 
enlarged bore, for example, besides iron, stainless steel, and 
other metals, synthetic resins such as acryl resin, polyvinyl 
chloride, polyethylene, polystyrene, or polypropylene, as well as 
ceramic material, quartz, or glass may be used. Selection of 
such material may be based on their non-reactivity with the 
active film-forming gas formed, the processability , and the 
gas-discharging properties in a vacuum system. It is possible to 
either plate or coat such material which does not easily allow 
adhesion or reaction with the active film-forming gas at the 
inner surface of said nozzle having a reduced and enlarged bore. 
As for its concrete example, coating with polyethylene fluoride 
may be mentioned. 

The length of said partially reduced and enlarged nozzle (1) 
may be optionally determined according to the size of the device 
and such. The heat energy retained by the carrier gas and 
microfine particles are converted into kinetic energy when 
flowing through said nozzle having reduced and enlarged bore (1). 
In particular, when it is sprayed at ultrasonic speed, the heat 
energy becomes extremely small, and this may be held in 
a supercooled state. It is also possible to fix the energy of 
the activated film-forming gas to be sprayed utilizing 
the above-explained low-temperature state. In film-forming 
chamber (5), substrate (12) is arranged at the position opposite 
to flow outlet (lb) of nozzle (1). As a result, the activated 
film-forming gas which is sprayed from nozzle (1) collides 
against this substrate to form a film on said substrate (12). 
Said film-forming chamber (5) is exhausted by a vacuum pump and 
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such, and the excess gas or reaction gas is immediately 
exhausted. 

When a nozzle having a reduced and expanded bore is used as 
nozzle (1) to adjust the relationship of pressure ratio P/P Q of 
'pressure P Q of plasma chamber (4) and pressure P of film-forming 
chamber (5) , as well as open area ratio A/A' of open area A' of 
neck region (1c) and open area A of flow outlet (lb) in 
an appropriate manner, the film-forming gas which is sprayed from 
nozzle (1) may be collided against substrate (12) in a beam form. 
As a result, it is easy to prevent from said film-forming gas 
scattering within film-forming chamber (5) to prevent any vastp 
of the film-forming gas due to filmy adhesion to the inner 
surface of film-forming chamber (5) . 

As shown in Figure 3 (a) , the plasma-forming device may be 
constructed of slot antenna (13) arranged at wave guide (8) via 
microwave guide window (7) to protrude slot antenna (13) into 
plasma chamber (4) . As shown in Figure 3 (b) , it is possible to 
arrange horn antenna (14) in the place of above-explained slot 
antenna ( 13 ) . 

According to this invention's application example, the 
film-forming gas is supplied via supply ring (10) immediately 
before nozzle (1); it is also possible to supply said 
film-forming gas either t o nozzle (1) or immediately after nozzle 
(1) to allow contact with the plasma. In particular, when the 
film-forming gas is supplied to the nozzle having a reduced and 
expanded bore, it is preferable when said supplying position is 
located at an accelerating region between neck part (lc) and flow 
inlet (la) so as not to disturb the flow. 
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Effect of this invention 

According to this invention, because it is possible to 
control the domain and format of the plasma drawn out of the 
plasma-forming device, it is possible to contact the film-forming 
gas with plasma in a uniform state suitable to provide a good 
film-forming state. 

Brief explanation of the figures 

Figure 1 shows an explanatory view of one application 
example pertaining to this invention; Figures 2 (a) through (c) 
show format examples of nozzles having a reduced and expanded 
bore; Figures 3 (a) and (b) show other plasma-forming devices. 

1: Nozzle, la: Flow outlet, lb: Flow inlet, lc: Neck region, 
2: Plasma-forming device, 3: Power supply, 4: Plasma 
chamber, 5: Film-forming chamber, 6: Hollow resonator, 7: 
Microwave guide window, 8: Wave guide, 9: Opening, 10: 
Supply ring, 11: Insulating material, 12: Substrate, 13: 
Slot antenna, 14: Horn antenna 
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Figure 1. 


Key: 1: Non film-forming gas 
2: Film-forming gas 
3: Exhaust 



(c) 



Figure 2. 
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Figure 3 . 


